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ABSTRA€T 
The introduction of new materials for use as dental implants 
has stimulated many investigators to develop ditferent techniques 
of appraising them. The in vivo method of evaluating biocompatibility 
" . . . 
necessitates the removal of the implant prior to histological pro-
cessing of the specimens, which eliminates the observation of the 
interface between the material and the tissues. The in vitro exper-
ments in general employed neoplastic cell lines, whose behavior might 
be different from normal cells. Evaluation of the cytotoxicity was 
accomplished by exam~nation or counting ofi the tells around the 
t 
implant material. Because of the opacity of dental implant materials, 
none of these experiments studied the cellular behavior, morphology 
on interface of their surfaces. Tlherefor, it was felt that a tech-
nique should be developed for. evaluation of cytocompatibility and 
cellular behavior. in relation to the surface characteristics of 
dental implant mater.ials. The development of SEM preparation tech-
niques for v.iewing biological materials offered an answer for ob-
servfng ~ellular morphology, behavior., interface and compatibility in 
relation to the surface characteristics of the denta~ implant 
mater.ials. 
The in vivo behavior and viability of gingival epithelial cells, 
obtained from two Rhesus monkeys, were evaluated on the surfaces of 
textured and untextured vitreous carbon dental implant and were com-
pared to those on the surfaces of enamel and glass. The result of 
viability tests proved that vitreous carbon is not cytotoxic. The 
I 
2. 
SEM observation demonstrated further the cytocompatibility of 
epithelial cells to vitreous carbon. Changes in cellular behavior 
and morphology in relation to the surface characteristic of the con-
tacting object were also observed. the presence of a homogeneous 
material, probably a product of the epithelial cells, was noted be-
tween the cells and the surface of the different materials, which may 
aid in thei r attachment. In the presence of micro-organisms cellular 
morphology and surface characteristics were altered and the absence 
of the homogeneous attaching material was noted. 
t 
INTR00UC1ION 
The implantation of foreign substances ·into the human body is 
an ancient practice which has increased in the last two decades. The 
discovery of biologically innert metals and alloys and the synthesis 
of new polymer complexes with a variety of mechanical and biological 
properties has pro~ided the dental profession with a wide range of 
materials from wh~ch to choose .. Trhe madority ofi in~estigators assa~ 
the suitab~laty of these materials as dental implants, by studying the 
t 
tissue responses in animals in which these materials were implanted 
subcutaneously,. Other investigators have employed tissue culture 
techniques using established cell lines for evaluating the cytotoxi-
city of implant materials to be used in a biological system. The 
opacity of these implant materials limited the evaluation to a quanti-
tative andt or qualitative assay around the materia~ and not to the 
compatability of the cel~s that are present on the surface of the 
material. 
One of the major problems in dental implantology to date is the 
failure of dental implants through a periodontal disease-like break-
down with invagination and down-growth of epithelium, pocketting 
along the surface of the implant material which ultimately leads to 
exfoliation and failure of the implant. On the other hand, dental 
implants have been ~nserted and have been functioning for a number of 
years without this periodontal disease-like breakdown. In reviewing 
the literature no answer could be found as to whether the periodontal 
, 
3 
breakdown is due to compatibility of the epithelial cells to the 
implant materials or whether it is due to absence of. adhesion be-
. . 
tween the epithelial cells and the implant material but initiating a 
pocket which starts the breakdown. 
4. 
This investigation was carried out in order to establish a tech-
nique for evaluating cytocompatibility of epithelial cells to 
vitreous Garbon dental implant material, to evaluate the character of 
cellularr adhesion, if any, between vitreous carbon and epithelial cells, 
to ey,aluate the changes in epithelial cell mo~phology and/orr behavior 
t 
in relationship with the surface cha~acteristics of the implant 
material and to study the cy.t0compatibility, and cytotoxicity of 
vitreous carbon implants. 
, 
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LllERATiURE REVIEW 
The attachment of the gingival epithelium to the tooth surface 
has been the subject of numerous investigations and controversies for 
many years. The organic theory of; attachment was introduced by 
Gottlieb in 19281 in which he stated that the oral epithelium unites 
with the reduced enamel epithelium. As eruption proceeds, the outer 
enamel epithelium detaches jtself from the enamel surface; however., 
before it detaches it fom1s a secondary cuticle, which ke~atinizes and 
merges with the primary cuticle. He believed that the entire length 
ofi th~ epithelium, from the gingival margin to the cementa-enamel 
junction was organically fixed to enamel. 
Becks2 disagreed with Gottlieb in the persistence of the re-
duced enamel epithelium. He proposed that after the o~al epithelium 
and the enamel epithelium fused, the reduced enamel epithelium 
degenerated, keratinized, and formed an organic union with the 
primary cuticle. As the enamel epithelium degenerates the oral 
epithelium grows apically along the tooth. If the junction of the 
reduced enamel epithelium and oral epithelium is disturbed a patho-
logic pocket developed. 
Manley3 in support ofi Gottlieb, conducted an experiment using 
dogs whereby he found the enamel cuticle continuous with the organic 
prism sheaths of the enamel, and during eruption the cuticle fused 
with the hornified layer of the oral epithelium. Baume4 rejected 
the concept of a secondary ~uticle as a connecting medium between 
, 
5 
6. 
the oral epithelium and the primary cuticle. He felt that it was 
tonofibr.i1s that attached the oral epithelium to the primary cuticle. 
5 Butcher found prolongations from the primary cuticle entering the 
enamel matrix, but did not see any cellular extensions from the 
secondary €Uticle into the primary cuticle or the enamel. In ex-
tracted teeth that were replaced in their sockets, he found that the 
epithelium readheres to the primary cuticle. 
The first challenge to the organic theory camefrom Waerhaug6. 
who conducted an experiment using steel blades to prove that there was 
t 
no organic epithelial attachment until the cementa-enamel junction. 
· Orban7 and Weinreb8 tried to duplicate Waerhaug's experiment 
using steel blades, plastic and celluloid strips, self-curing acrylic 
and cavit, b~t were unable to obtain separation between the enamel 
and epithel~um. They concluded that there was no organic union be-
' 
tween the gingival epithelium and enamel. 
McHugh and Zander9 in a histological study and Beagrie and 
Skouguard10 and Stallard11 using radio-autographic studies were able 
to show the dynamic state of the sulcular epithelium. The rapid 
turnover and mitotic division in the sulcular epithelium would not 
aJ1ow the existance of an organic type of attachment. 
T!he possible similarity between the attachment mechanism of the 
sulcular ep1thelium to the tooth surface and the attachment of the 
12 
cells cultured in vitro was proposed by Schultz-Haudt et aZ. 
Berwick and Coman13 demonstrated the stickiness property of squamous 
epithelial cells of human buccal mucosa. They suggested further that 
, 
7. 
' 
these cells elaborate a sticky substance, probably a muco-
polysaccharide protein complex. The presence of hyaluronidase-
resistant, water soluble neutral mucopolysaccharide was shown in the 
epithelial cells of suacus gingiva, epithelial attachment, basement 
membrane and i ntra-cel 1 ul ar area by Toto and Si cher 1 '~ .. Synthesis of 
protein materials containing praline and hydroxyproline was demon-
strated by Stallard et ai. 15 The possibility that this material plays 
a ro~e in the epithelial attachment was also hypothesised. 
listgarten16 in a transmission electron microscopic (TEM) study ob-
served that the epithelial cells of the attachment shows microvilli 
and s·ecretary vacuoles along the cell membrane, which strongly suggest 
that these cells arie involved in some secretary activity. He also 
found a great similarity between the hemidesmosomes and the basement 
lamina which connects the epithelium and the tooth or its cuticles to 
those seen between epithelium and its underlying connective tissue. 
T'he attachment of cells to bovine enamel was investigated by 
P,owe11 17 and Mlinek and Powe11 18 using Hela cells and BHK21 strain. 
The cells seem to grow in monolayers with good adherence between the 
cells and the enamel. Mlinek and Powe11 18 studied decalcified sec-
tions of cell monolayers grown on enamel surface using histochemical 
stains. They were also able to demonstrate secretions of acidic and 
neutra~ glycoproteins and acid glycosamino glycans by the attached 
cells and therefore they assumed that these substances were necessary 
elements in the process of attachment of cells to enamel. 
The role played by the circular fibres of the free gingiva in 
, 
8. 
maintaining a close adherence of the gingiva to .enamel must not be 
forgotten. 19 Failure of these fibres to maintain this close ad-
herence will lead to subgingival plaque accumulation and the start of. 
P,e~iodontal disease. 
ft is unf.orrtunate that so little is known about the various 
mechan~sms operating in maintaining epithelial contact with the tooth 
surface; beeause it is when this attachment fails that breakdown of 
the tooth supporting structures start. Tihe breakdown in the support-
ing str.uctures will ultimately lead to the loss of the tooth orr teeth. 
It then becomes necessary to ~eplace those teeth with artificial 
appliances· to maintain the aesthetic and masticator.y, ef ficiency. 
Dental implants a~e now widely used as a method of rreplacing the mis-
sing tooth or teeth. 
Implantology 
The implantation of foreign substances into the human body is a 
very ancient practice dating back to the early Eg~ptians. It has been 
essential1Yt in this century and particularly in the last three 
decades that medical and dental science have reached the degree of 
sophistication and competence to r.eplace or rebuild diseased, injured 
or mal fiunctioning elements of the human body with artificial materials. 
t his achievement has been made possible by man's ability to create 
new materials and alloys, and to the great advances in the field of 
biomedical engineering. The introduction of these materials to the 
medical and dental profession stimulated investigators to find 
different ways and techniques to appraise them both biologically and 
, 
0 
9. 
tox1co1ogically before introducing them into the human body. Both 
in vivo and in vitro experiments were carried out to detennine the 
biocompatibility. and the degree of toxicity, if any, of these 
materials. Essentially the in vivo experiments involved the implanta-
tion of the particular material to be t ested in different tissues 
of various animal species followed by evaluation of the morphologic 
d hi t 1 . t. f th t t. t th . 1 t t · 120-30 an so og~c reac 1ons o a issue o e 1mp an ma er.,a . 
Tlhe in vitro experiments employ, the use ofi various cell lines and 
tissue cu1ture techniques to study the cytotoxicity. of implant 
t 
materials. 
Interest in dental implants was regenerated after Goldberg and 
Get shkofif inserted their firs t subperiosteal mandibular implant31 . 
Tihey used a highly polished sol~d vitallium casting and secured it to 
the mandi ble by six small vita11 j um screws. Since that time refine-
, 
ments and modifications in the techniques, development of new 
materials, and variation of the designs ofi ~mplants ensued with 
different degrees of reported success 21 -30 . Al l of these types of 
implants possess a post that projects through the mucosa into the 
or.al cavi ty and therefore a breach in the oral mucosa is always 
present. With this break in the continuity of epithelium, conditions 
are c~eated that would appear to favor infection, breakdown of 
tissues and exfoliation of the implant. Therefore the organization 
of .the tissues around the implant hopefully occurs to minimize or 
overcome the effect of the apparent break in the continuity ofi the 
surface epithelium. Histological evaluation, in animals and humans, 
, 
1 o. 
of implants aroe contradictorry and non-conclusive. Mack32 and 
Nicholes33 describe a downgrewth of epithelium in an attempt to sur-
round the metal implant and "exteriorise" it. Mack32 also observed 
the presence of low grade chronic infection surrounding the implant 
and indicated that the gingival crevice around a natural tooth and 
implant post are phsiologically similar. Varying degrees of chronic 
inflarmnation, pocket fonnation and epithelial invagination around 
implant posts have also been reported by Bodine34, 35, Schenner36, 
and Kallenberger and Maeglin37. Jennyn38 used the tenn peri-implanto-
~ 
clasia to describe this ~ow grade infection with downgrowth of 
epitnelium· and bony resorption. 
Bodine and Mohammed39 reported the tissue t<esponse to an imp·lant 
denture worn by a patient forr 13 years. They obser,ved that epithelium 
had onlYi proliferated for a few millimeters around the post, with no 
bony reso~ption and v.ery minimal inflammat~on. A similar. type of 
rieaction ·was also reported by Marziana40. 
Tihe nature of the relationship between the implant post and the 
sur~ounding epithelium is not understood. Most investigators believe 
that the tissues i.n · the post area exhibit a cuff of connective tissue 
lined with epithelium which contracts around the post and therefore 
. 
prevents infection from ga~ning access to the deeper layers33, 41, 42, 
43, 43 
• Others suggest that the sulcular tissues around implant posts 
are sjfu~lar to tnose observed around natural teeth. This assumption 
has been based on clinical evidence45, 46, 47. 
, 
• 
1 1 • 
Recently Vitrident Research Laboratories* ·introduced the prepared 
dental implants made from a new form of carbon called vitreous carbon. 
This material is made by carbonization of certain cross-linked poly-
mers under. carefully controlled conditions48. rhe implant material as 
it comes from the mold is very smooth and glossy. lhe surface of the 
implant material is then sand blasted except for. the neck region of 
the implant to pnoduce a rough surface on the root portion. In vitro 
animal and human studies have shown that the material is biocompatible 
with absence of long-tenn inflanmatory response49, 50, 51, 52. Sulcus 
~ 
. 
depth. measurements ranged from one to four millimeters in the various 
studies53~ 54, 55, 56 with an apparent ep~thelial attachment. Mills 
et at. 56 in a histologic and transmission electron microscopic 
study demonstrated the presence of a homogeneous electron dense 
material between the implant material and the fibrous capsule sur-
rounding it. This electron dense materiial was not obser.ved with the 
optical microscope. 
Bauhammer-s57 examined cobalt-chromium-molybedenum alloys and 
titanium alloy b~adevent implants with various finishes using the 
scanning electron microscope (SEM). He also found ·variations in the 
surface characteristics but the smoothest surface was exhibited by 
. 
the ~ighly polished cobalt-chromium-molybedenum alloy and the 
conmercial finish of the titanium alloy bladevent implants. 
In an SEM study of surface characteristics of comnercially 
available implant materials in the neck region! Skennan58 found 
*Vitredent Research Laboratories, Los Angeles, California 
• 
12. 
marked variations in tne degree of roughness and porosity of the 
different implants. Untextur.ed vitreous carbon and titanium exhibited 
the smoothest surfaces. 
Tissue Culture Technigues and Cytotoxicity 
' 
Although the various attempts at tissue culture can be traced 
in the ~iterature to the yeai 1sas59, it was not until 190760 that the 
technique was accepted. Harrison60 in that year demonstrated un-
equivocally bJ a reproductible technique that nonna~ function can be 
maintained in vitro. following these early experiments, lewis and 
~ 
Lewis61 , 62 and Carrel and Baker63 investigated the factor-sand compo-
sition of .the tulture med~a necessary for cell survival. This was 
followed by the development of a great variety of techniques and 
culture media as different investigators modified previous metnods for 
their own experiments64, 65. In orderi to grow epithelial cells in 
tissue culture it is necessary to obtain an epithelial cell suspension . 
. 
Two basic methods have been described in the ~iterature. One con-
sists of disassociating the entire tissue and then separating the 
various cell types 64 , 65 , 66 . t he other method consists of first 
separating epithelial strips from the connective tissue and then 
dispersing these strips into single cell suspensions. Tihis method has 
~een used to ootain epithelial cell suspension from the skin of mice, 
guinea pigs 67 and humans 68. 
The enzymatic separation of epithelial cells from the connective 
tissue was attempted by various investigators67, 68, 69, 70, 71, 72 
under different conditions witn varying degrees of. success. Trypsin 
, 
13. 
was found to produce separation in the suprabasal plan, collagenase 
facilitated separation at the dennal-epidermal junction, but also pro-
duced separation and loss of basal cells. Elastase produced 
separation at the dennal-epidennal junction with no dispersion of the 
epithelial cells69 , 71. following the epithelial connective tissue 
separation, tr.ypsin was also fiound to be ideal for the dispersion of 
the epithe~ial cells68, 69, 71, 72. 
Verne and Sannie73, Menegaux and Odiette74 , Roffo75 and 
Campbe~l et ;i. 76 were the pioneers in using cell culture in the 
~ 
qualitative assays of metal toxicity in vivo. The culture techniques 
used in the assay experiments of. these investigators were quite 
similar. The growth of cells around pieces of metal in a plasma-clot 
medium was observed and compared with the cellular growth in control 
cu~tures. Tihe methods of me&sur.ement in these experiments included 
photo-planimetry of the area of cellular growth, counts of the number. 
of mitoses and visual comparison of the extent of cellular growth and 
degeneration. 
D1fferences in the degrees of cellular toxicity to stainless 
stee~ and cobalt chromium alloys not demonstrated by the in vivo 
· methods were shown by Pappas and Cohen7.7. They -assayed the degree of 
• 
toxicity to the powders of these alloys oy counting the cell popula-
tion after standard replication intervals. They remarked that the 
histological methods are often c~ude and too subjective to permit 
comparisons. Mital and Cohen78 using a cell count during the lag-
phase described similar ~esults and observed corrosion products 
, 
14 . 
• 
within the cells in tissue culture. 
The first investigators to study the effects of dental metals 
upon the mesenchymal cells in tissue culture were Kawahara et az.79. 
They repor.ted that gold palladium and platinum are non-cytotoxic and 
that the cytotoxicity was related closely to the periodic table of 
metals i.e. metals having light atomic weighi curtailed cellular 
outgrowth and cell-multiplication, and showed a strong cytotoxic 
action, while the metals having comparatively heavy atomic weight; 
gold, palladium and plat~num showed no signs of cytotoxitity. 
? 
In. another in vitro investigation, Kawahara et az.80 concluded that 
the ce~1u~ar response to an alloy is basically the same as that to 
pure metal i.e. if the alloys constituted of cytotoxic metals and 
non-cytotoxic metals, the cytotoxicity appeared to become less as the 
content of the non-cytotoxic metals was increased. Metal corrosion 
and ionization was considered to be the cause of the cytotoxicity in 
al~ of these studies78, 79, so. 
An important and desirable property of dental implants is 
bioadaptability81, 82 . Tihe technique of assessing the bioadaptability 
of dental and surgical materials was reported by Kawahara83 . He 
observed the contact angle between the cell and the various materials 
in a special m0saic glass chamber. The adhesion of the cells to the 
material increased in proportion to the decrease in the contact angle. 
He found that a good bioadaptability was observed on the surfaces of 
hydrophilic plastic and ceramic, as well as the oxidation membrane 
formed on the sur.face of metals and alloys81, 83. 
, 
15. 
Autian and Powe11 82 , 84 , 85 in a comparisQn between the in vivo 
and in vitro methods of testing dental materials found that approxi-
mately five to ten per cent of test samples showing a non-toxic or 
non-irritating response by the implantation method in rabbits were 
cytotoxic in tissue culture. They concluded that bot~ techniques are 
essential in studying the cytotoxicity of dental materials. 
The riesponses of epithelial-like cells in tissue culture to 23 
different implant materials were reporited by Sisca et ai. 86 Tihey 
utilized human amnion cells (WISH and F/~ strains), and their criteria 
for cytotox~city included cell granularity,, cytoplasmic inclusions, 
proximity of cell growth to test material, and folding of cells, 
etc. Aal materials exhibited some · f.orm of cytotoxic~ty which was 
rated from mild to moderate or sev.ere. Only one material (Vitallium 
mesh) had a very mild effect on the cells. 
Cytotox~city and failure of metallic implants is mainly due to 
corriosion or one of its prroducts that occur once the implant is in 
contact with the body mileu78 ' 87 . IDifferent types of corrosion 
(chemical, stress and galvan~c) have been reported in the literature88-
92 
• Whenever any metal surface is exposed to a fluid, a film of 
corrosion p~oducts forms. Ifi the film is relatively impermeable and 
adherent, it will be thin and will inhibit further corrosion. If it 
is penneable either to ions in the fluid or to the metal ions below 
the fluid or to both and if the electro-chemical conditions are 
favorable there will be continuous corrosion93 . Whether the corrosion 
products remain on the surface and whether they inhibit continuing 
, 
0 
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corrosion depend on thei rr solubility, on the chemical transforimattions 
the~ undergo and if they form solid corrosion products on the site 
of P,recipitation of these solid products and on the penneability of 
these products after they have been precipitated77, 93. It is not 
kno~n which of these corrosion products are cytotoxic~ but Pappas and 
Cohen71 and Mital and Cohen78 have demonstrated some of these corrosion 
products wi t hin the cells. Some of these cells were non-vital, others 
were Viital. · 
Tihe introduction of po~ymers for use as implant materials have 
solved the problem of corrosion, but at :the same time created other 
prioblems,'as a compromise in functional properties is usually re-
quired in the interest of biocompatability88 . Most of these pol,¥t11ers 
cannot withstand the functional stresses required in dental implants88. 
The cytotoxicity of t hese materials may be due to one of the 
additjves or its impurities, or to a substance that becomes part of 
the material during manufacture84. 
Cell Attachment 
The nature of contact between the cells and a non-cellular ob-
ject and the factors influencing this contact has been the subject of. 
many. investigations. Abercrombie, Taylor and Weiss94 , 95, 96 consider 
that there are two types of contact: that between one cell and 
another which offers a basis for specific interactions, and that be-
tween a cell and a non-cellular object which results in some of the 
simpler and more basic expressions of cell behavior . Carron97 
differentiates between cellular adhesiveness and stickiness; 
, 
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adhesiveness is that force which resists mechanical separation of 
attached pai~s of cells, and stickiness is the tendency of cells to 
cling to a foreign substrate. Taylor95 in a tissue culture study 
using va~ious substrates has reported that the cells attach rapidly to 
the substrate and after. two minutes almost 80 per cent of the cells 
become attached. Following this spreading of the individual cells 
take place, which results in flattening. The time taken for the cells 
~o flatten varies from one to twenty hours depending on the contents 
of the culture medium as well as the wettability of the surface81 ' 95 . 
Cel~ular stickiness to glass was shown to be reduced by the presence 
. 
0 -& enzymes such as t . 11 t 95, 98, 99, 100, 101 , .11 ryps1n, co agenase, e c. 
102, 103 
• ] hese experiments ~ndicate that most ce~ls possess an 
extra membranous coating containing protein and polysaccharide which 
. 104 is associated with cellular stickiness. Rosenberg demonstrated 
that cells grown on glass or silicone exude a protein containing 
substance which could be associated with cellular stickiness. 
Weiss96 , lOS concluded that the ·surface of the cells contain two peri-
pheral layers: a superficial one containing protein adsorbed from 
the medium and a deeper la~er attached to the cell membrane by the 
enzyme-dissociable links and therefore cellular stickiness is not 
necessarily associated with the cellular production of a micro-
exudate. 
Taylor95 explained the existence of ·two types of cellular sticki-
ness: the first is a strong, rapidly occuring type between the washed 
cells and a clean solid surface. This is prevented by the addition 
, 
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of ser.um, serum proteins, or cellular micro-exudates, apparently be-
cause the proteins become adsorbed on the surface of the substratum 
and fonn a negatively charged film which repels the negatively, 
charged cells. The second type of cellular stickiness is one be-
tween cells and an adsorbed film of protein which is at first weak 
but becomes st~onger as time passes, rea~hing its greatest strength in 
about 48 hours. 
Preparation of Biological Specimen for Scanning Elect~on Micrscope 
One of the mador advantages of the scanning electron microscope 
in materia~ studies is the ease of specimen preparation. F.or many of 
such samples, it is only required to cut the sample to size and mount 
it on a suitable holder106• Most of these materials are usually con-
ducting materials. Non-conducting materials, however, require a 
I 
coating of a conducting materia~ to obtain a good secondary electr.on 
imagel07, 108. Poor specimen conductivity andVor insufficient contact 
with the specimen holder will result in deterioration of the material 
from the heat created by electron bombardment of the specimen and 
also in chargingl08. Charging can seriously deteriorate image fonna-
tion or even completely impede it in two ways: the charged areas 
appear. to be much brighter than the uncharged surrounding areas, while 
in other cases, the image of the €harged area actually shifts as 
successive lines are scanned. these non-conducting materials may be 
examined without coating by reducing the beam current or under a low 
accelerating voltage, 5-10 Kvl07, 109. 
The coating metal (usually gold or gold palladium} is 
• 
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evapo~ated or spattered in a vacuum chamber (evaporator) in which the 
specimen is placed at a certain distance from a heat1ng element con-
taining the metal. Tihe result is the formation of a thin layer of 
metal on the surface of the specimen. Pfefferikornl08 reviewed the 
properties of the coating metal and stated that "to obtain a good 
electrical and thennal conductivity of non-conducting speciments the 
coating must satisfy the fiollowing requirements: 1) T:he deposited 
metal layer should be continuous and not in the form of small islands 
or aggregates. 2) The metal coating layer should not exhibit any. 
0 
structural features of their. own at the resolution of the SEM (lOOA). 
3) Metali'c layers should be of unifonn thickness regardless of tne 
local surface orientation of the specimen. 4) Metal layers should be 
0 
thicker than lOOA so that the secondary electrons are emitted only. 
0 from the metalic surf.ace layer, but also not be. thicker than 200A 
lest the fine morphologi€a1 details are covered and lost." These 
views were shared bYi other investigators. 
lhe use of the SEM for observation of biological materials was 
first introduced by Boyde and Stewart in 1962110. Following this 
early investigation the SEM has found great applications in the fields 
of biology and medical science. The proper use and interpretation of 
. 
results does not depend only on the abilities and skills of the inves-
tigator but also on the proper preparation of the specimens for 
viewing with the SEMlll, 112. As yet no satisfactory specimen 
preparation method for SEM observation of biological materials has 
been established and therefore a brief review of the different methods 
, 
will be contemplated. Biological materials present three major 
problems f.or observation with an electron beaml 13 , 114., 115: 
1. They are non-conductive and; therefore, they have to be either 
coated with a metalic layer or examined under a low KV. 
20. 
2. They are composed of protoplasmic substances which undergo 
changes following cellular death and must be examined immediately 
oefore these thanges take place. Therefore the tissue must be 
preserved in nearly a livfng state until examined, and 
3. lhey contain various amounts of water which may be as high as 
~5 per cent of their fresh weight. Metal coating or observation 
by any fonn of electr.on beam instrumentation must be made on the 
material in a completely dried state. Air drying produces dis-
tortion and artifacts due to the effiects of surface tension as the 
interface of the drying water recedes around and through the 
. 
cell. ro bring a specimen to the dry state without the disr,uptive 
effects ofi sur.face tension, tnree methods have been described: 
a. Replace the water with another liquid, such as acetone or 
alcohol, which has a lower surface tension and stir. dry the 
specimen rapidly . 
. b. ~reeze-dr.y the specimen. 
c. Critical point drying. 
Basically there are three methods described in the literature 
for preparing biological specimens for SEM: 
1. Non-Treatment 1°9, ~ll' llS, 116 
In this technique, the specimen is cut to size, mounted on a block 
21. 
and then either metal coated prior to SEM observation or 
examined directly with a low KV. Tihe technique is suitable for 
observation of specimens that have a small water content; teeth, 
fingernails and bones. Pamijer and Stallard117 reported a posi-
tive replica technique fori observation of biological specimens 
that have a higher water content. They reco0111ended the use of 
acetate tape orr hydrocolloid impression mater.ial for a negative 
impression. Tto obtain a positive rieplica, a silicone impression 
material is poured into the negative impression, which is then 
coated and examined with the SEM. 
2. Phys i ca 1 Methods 113, 115, 118, 119, 120, 121 
. 
Electron microscopists often wondered about ehemical fixation and 
the artifacts that might be introducedl15. Therefore, the 
possibility of preserving the tissues by purely physical means 
has been a goa~ sought by many investigators and accomplished only 
by a few. 
l he approach has been to start with tissue that has been 
frozen with extreme rapidity to minimize ice crystal formation. 
It is important that the tissues are not plunged directly into 
liquid air or liquid nitrogen as a gas film may fonn iJ1111ediately 
on the surface of the specimen and act as an insulating layer 
which prevents the rapid transfer of heat 116. The freezing bath 
most corrmonly used is a precooled liquid isopentane which is a 
liquid at room temperature and is still a liquid at -160°C . 
. 
Rapid cooling wil~ result in the nucleation of large numbers 
, 
0 
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of small ice crysta~s simultaneously, instead of the slow growth 
of few ite crystals that would occur during slow cooling 113 . 
After rapid freezing the specimen is either. examined 
directly on the cold stage of an SEM at a low Kvl20, 121 or it is 
fireeze-dried, coated and then examinedll6. The disadvant~ges of 
direct observation of a frozen specimen are: 
a. Poor resolution because of ~ower Kvll9, 
b. Absence of eonductivity so we might get charging and/or 
P.oor contrastl13, 
c. In the m~cr.oscope it is sometimes difficult to maintain the 
f~ozen state especially at the surface113, 
d. Some damage occurs to the ceil constituents from ice 
crystalizationll4, ~15 and 
e. It is necessary to keep the temperature below -130°C, other-
wise ~ce crysta~ growth might occur and the specimen might 
be damaged114 , 115. 
Some of these disadvantages are overcome by freeze-drying 
because the specimen may be coated and examined without the use 
of a cold stage113, 119. 
Freeze-dry1ng is a technique by, which we avoid surface 
tension damage oy drying the specimen in the absence of liquid-
·vapor interface113 , ~15~ This is done first by rapidly freezing 
the specimen as described above and then transferring the 
specimen to an apparatus where it may be maintained at a low 
temperature ~60°C to -70°C) and are surrounded by vacuum. The 
, 
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ice crystals in the specimen will then sublime away leaving the 
specimen dry. The specimen may then be coated and examined. There 
are two major disadvantages to the technique. The fir.st is 
specimen damage from ice crystalization or crystal growth and the 
/ second is that the process is very slow,e.g. a monolayer cell 
culture on a cover slip will dry in a few hours while a several 
millimeter thick specimen will take several daysll4,115 . 
3. Chemical Methodsl12, llS,122 , 123 
The first step jn the chem~cal methods for preparing bio-
~ogical specimens for SEM observation is fixation followed by 
dehydration and drying. Scanning electron microscopic observation . 
. 
is then car.ried out after metal ~eating, or without metal 
coating, under a low KV. 
fixation of the tissues is done to preserve the tissues as 
nearl¥ to the ~iving state as possible. Tihis is achieved by the 
coagulation or precipitation of the protoplasmic substances 
which render the tissues and ce~ls resistant to furthet changes 
till observation is carried out. ·various methods have been de-
scribed in the literature on fixation for TEM115, any of which is 
also suitable for SEM work 112 . Fixation techniques described in 
the literature could be divided into single and double fixation. 
In single fixation only one fixative is used to preserve the 
tissues. In double fixation, two fixatives are used. Two 
general purpose f~xatives are described for EM work: suitably 
buffered osmium tetroxide and aldehyde fixatives 11 ~. 
24. 
ihe main disadvantages of osmium tetroxide fixatives are their 
poor penetrating capabilities {approximately 50 microns/4 hours) 
and that it is highly toxic, therefore, special precautions have 
to be taken when working with itllS. Palade124 in 1952 intro-
duced the slightly alkaline buffered osmium tetroxide which gave 
superior results to unbufferied osmium tetroxide which produces an 
acidic wave of indury as it penetrates the tissues. lhis fixative 
nas become known as Palade fixative. 
Two types of a~dehyde fixatives are availab.le, glutaraldehyde 
and fio~maldehyde. Sabatini, Benach and Barnett, 1962125 presented 
a study on tne use of aldehydes as sole fixatives. They con-
cluded that suitably buffered gluteraldehyde was the best in 
tenns .of preservation of cellular morphology. Peasel26 found that 
tissues and cells fixed in formaldehyde onlM become unduly 
sensitive to electron bombardment and sometimes decompose as they 
arie being observed. He concluded that formaldehyde is a good 
pr.imary fixative for EM work, provided that it is followed by 
secondary fixation with osmium tetroxide. Aldehyde fixatives 
present a disadvantage 0f not f.ixing lipids and phospholipids 
which could be washed in the ensuing processes. 
following fixation, the tissues must be dehydrated, a pro-
cess of replacing water with some other liquid. For SEM work 
this is done to replace water which has a high surface tension 
with another liqu~d having a low surface tension and therefore 
minimizing the effects of surface tension on defonnjng the cells 
' 
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and their constituents. Ascendi_ng grades of alcohol or acetone 
· are generrally used. P.ease115 found that alcohol gives superior 
results to acetone because with acetone one runs the risk of 
specimen damage from incomplete dehydration. Other dehydrating 
agents have been tried with success but offered nq advantage over 
alcoholllS. vhe main advantages of using~cohol are that it has 
a lower solvent action than other chemical dehydrating agents and 
it is not dangerous to handle, like dioxane or ether. 
Boyde and Echlin113 and Lewis and Nemanic114 noted that 
c~em~cal dehyd~ating agents hav.e two disadvantages. First is the 
occurr.ence of some specimen shrinkage and the second is the re-
moval of some cellular- components which one might wish to retain. 
F,ol~owing dehydration the specimen is either air dried in a 
dessicator or it is dried using the critical point drying 
\ 
techn; que 114, 127, 128, 129, 130, 131 • 
The critical point drying technique was first introduced by 
Anderson127 in 1951 for drying bacteria and red cells for TEM 
observations. The principle of cr.itical point drying is as 
f.ollows: If a pure liquid is enclosed in a chamber with its 
v.apori above it, and then neated, more of the liquid passes into 
vapor and so the pressure and hen€e the density of the vapor in-
creases. At a critica~ pressure the density of the liquid and 
gas ar.e the same, surface tension which has been declining be-
comes zero and the liquid and gas interface vanishes. There is 
a characteristic temperature above which all the liquid becomes 
, 
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gas and no amount of pressure will again convert it to liquid. The 
conjunction of the critical temperature and critical pressure is 
the critical point. As long as the specimen is kept above the 
critical temperature there will be no recondensation of liquid and 
the gas can be bled off leaving the specimens dry. Therefore, if 
a tissue is totally immersed in a liquid below its critical point 
and then the liquid is taken to a temperature and pressure above 
the critical point, it is then immersed in gas, i.e., dried with-
out being exposed to surface tension forces. 
Very few liquids have· a critical temperature suitable for 
biological wor.k and critica~ pressure within a practical range, 
e.g. water which would be the ideal liquid has a critical tempera-
ture of 374°C and a critical pressure of 3266 pounds per square 
. h114, 127, 130 Th f h b l d i h 1nc • ere ore, water as to e rep ace wt some 
other liquid which has a convenient critical temperature and pre-
sure before proceeding with drying. The two liquids that are 
most widely used ar.e liquid carbon dioxide114 , 127 , 129 , which 
has a critical temperature of 31.1°C and a critical pressure of 
1072 pounds per square inch and Freon 13 which has a critical 
temperature of 28.9°C and critical pressure of 561 pounds per 
square inch114 , 130 , 131 • It is usually necessary to substitute 
water with one or more liquids before the final substitution with 
carbon dioxide or liquid Freon; as water is not misible with 
. 
either, e.g. if th~ final liquid is liquid carbon dioxide then 
water in the tissues is replaced with acetone and then acetone is 
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replaced with liquid carbon dioxide. If the final liquid is 
liquid Freon 13, then the water is replaced with alcohol, the 
alcohol is then replaced with Freon TF which is then replaced by 
freon 13. 
After substitution with the intermediate liquid t he specimen 
is tr.ansferred into a precooled chamber where f inal transfer and 
d~ying will take place. The chamber is sealed and filled with 
liquid carbon dioxide or liquid Freon, the temper.ature in the 
' 
chamber is raised t o that above the eritical point and gas is 
t~en allowed to drain slowly, until atmospheric pressure is reached. 
Tlhe specimen is now dry and ~eadyi to be coated for observation 
in the SEM. ] he disadvantage of critical point drying is the 
necessity of substituting the wate~ with chemical dehydrating 
agents, a procedure that generally produces a small amount of 
tissue shrinkagell3, 114 , 129. 
In rreviewing the ~iterature is was found that the investigators• 
main conce~n was to study. the cellular reactions around the implant 
materials and not those cells on the surface of the implant, due to 
. . 
the opaci ty of these materials. It was also noted that the type of 
cells used in tissue culture studies were neoplastic cells whose be-
havior could be di f ferent from nonnal cells. No repor.ts in the 
literature were found on the cytocompatibility and/or cytotoxicity of 
vitreous carbon dental implants and also on the cellular morphologic 
changes that occur in relation to the surface characteristics of the 
implant material. In view of. this and especially with the increasing 
, 
28. 
use of vitreous carbon as a dental implant material it was decided to 
conducts this investigation in order to: 
1. Develop an in vitro method for studying the cytocompatibility of 
dental implants utilizing the scanning electron microscope to 
observe the cells on the surface of the implant material. 
2. Evaluate the changes in epithelial cell morphology, in vitro, in 
re~ationship with the surface char.acteriistics of the implant 
material. 
3. Study the cy.tocompatibility and cytotoxicity of vitreous carbon 
denta1 implants and 
4. Evaluate the character of cellular. adhesion, if any, between the 
citreous carbon and epithelial cells. 
/ 
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METHODS AND MATERIAlS 
The techniques utilized in the present study will be described 
under the following headings: 
A. Collection of Gingival Specimens 
B. Preparation of Cell Suspension 
C. Innoculation of Culture Plates and Cell Culture 
0. Processing of Specimens and Their Preparation for SEM 
Observation 
E. Scanning Electron Microseope Observation 
~. Collection of Gingival Specimens 
• 
.Gingival ~issues were obtained from both arches of two Rhesus 
monkeys under aseptic conditions. The monkeys were first anes-
thetized, the oral cavity was cleaned from all debris and mucus 
and then swabbed with 70 per cent alcohol. A mucosal incision 
was made along the mucco-gingival margin from the second pre-
molar to the last molar. Two vertical incisions were made anterior 
to the second bicuspid and posterior to the last molar. l he 
mucosal sample was obtained by freeing the mucosa f.rom the under-
lying periosteum. The spe~imens were placed immediately into 
I 
100 ml of Hanks' balanced salt solution ~HBSS}, PH 7.4 containing 
500 units/ml of penicillin, 300 mcg/ml of strepteomycin and 0.75 
mcg/ml Fungizone.* l he tissues were cut into pieces about 2 x 5 
mm in size while immersed in the solution and were washed by 
*Antibiotic-Antimycotic solution (lOOx), Grand Island Biological Co., 
·Grand Island, New York 14072 
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shaking s·everal times in HBSS containing antibiotics. 
B. Preparation of Cell Suspension 
• 
Cell suspension was prepared according to a technique described 
by Neiders and Weiss11 . The procedure consisted of three steps: 
1) Enzymatic separation of an epithelial sheet from the under-
lying connective tissue, 2) Enzymatic dispersion of individual 
cells and 3) Viable cell counts. 
1. Enzymatic separation of an epithelial sheet from the under-
ly~ng connective tissue: The specimens were transferred from 
. HBSS into petri dishes containing ~0 ml of RPMI 1630* with 
0;5 ml of elastase** Pffi 7.6. The petri dishes were placed on 
a magnetic stirrer in an incubator at 37°€ for 90 minutes. 
Epidennal-dermal separation was completed by transferring the 
tissue fragments to RPM! 1630 ~ontaining 5 per cent fetal 
calf serum (F€S)* and placing it in the incubator at 37°C forr 
60 m~nutes. Thereafter the epithelium was separated from the 
connective tissue in an intact sheet using a forceps. The 
connective tissue was discarded and the epitheijial sheet 
placed in culture media without Fes until all specimens were 
separated . 
2. Enzymatic dispersion of individual cells: T.he epithelial 
sheets were cut into small pieces and placed in 5 ml trypsin 
EDfA solution*** PH 7.6 and incubated at 37°C for 30 minutes. 
* Grand Island Biological Company 
** Elastase, Worthington double crystallized in aqueous suspension 25 
· mg/m1. Worthington Laboratories, NY ' 
***Trypsin EDTA Solution (lx) containing 0.5 gms Trypsin (1 :250) and 
· · ·0.2 gms EDTA. Grand Island Biological Company 
0 
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After incubation with trypsin, 10 ml of RPMI 1630 with 5 
per cent FCS were added to the suspension to inactivate the 
trypsin and the cells were further dispersed by gentle 
pippetting. Large fragments of coherent epithelial sheet were 
removed and the suspension was then centrifuged at 1000-1500 g . 
. 
for ten minutes. The supernatent fluid was pippetted and the 
cells were resuspended in 10 ml RPMI 1630 containing 5 per 
cent FCS. 
3. Viable ce~l counts. Tihe cell suspension was well mixed by 
gentle pippetting, a 0.1 ml of the suspension was pippetted 
into another tube containing 0.9 ml on Erythrocin Band 
mixed thoroughly. A hemocytometer chamber was then fill with 
0.1 m~ of the cell suspension containing Erythrocin B., and 
the numberi of viable cells was counted in ten units. The re-
sult was the number of cells in a cubic millimeter. This was 
first multiplied by 10 (dilution factor) then by 1000 to 
provide the number of cells per ml of the original suspension 
and finally this was multiplied by the number of mls in the 
suspension. The final result was the number of cells present 
in the cell suspension. 
e. Innoculation of Culture Plates and Cell Culture 
. . 
Glass cover slips, human enamel, textured and untextured 
vitreous carbon were cut, cleaned thoroughly in an ultrasonic 
cleaner and were sterilized by autoc~aving. Prior to autoclaving 
the surface area of the specimens was detennined using 30 gauge 
, 
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casting wax. A small piece of softened wax was first adapted to 
the surface using a wet cotton swab, it was then cut along the 
edges of the specimen using a scalpel blade. The wax was laid 
on graph paper and the surface area measured by counting the num-
ber of square millimeters on which the wax was lyi·ng. All samples 
were autoclaved for 30 minutes, placed in sterile disposable petri 
dishes and were covered with 5 ml of RPMI 1630 containing 5 peri 
cent F€S with antibiotics. Each plate was innoculated with 
approiimately 5~105 viab~e cells, calculated in the following 
way: 
1. mhe number of mls in the original ce11 suspension was 
mu~tiplied by Sx105. 
2. Tihe result ootained was then diViided by the number of cells 
present in the cell suspension obtained i·n 11311 above and 
3. Tihe result was the number of mls containing Sx105 cells to be 
innocu1ated in each plate. 
0ne group of cu1ture plates was innoculated with 0.1 ml of 
dental plaque suspension in saline, as well as the ce~l suspension 
to evaluate the differential growth of organisms and ce~ls on the 
surface of implant materials. 
The culture plates were incubated for three to seven days at 
37°C in an atmosphere of air containing 5 per cent carbon dioxide. 
They were inspect~d daily for cellular growth, and the culture 
medium was changed ever.y 48 hours. 
, 
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D. Pro~essing of, the, Spe7i~en~ and, TheJ~. Prepara~i?n for SEM 
Observations 
. 
The specimens that were cultured for 72 hours were processed 
to obtain a viable cell count from the surface of the materials. 
T:hose specimens that were cultured for seven days were processed 
for SEM observation. The specimens that were infected with dental 
plaque were cultured for 72 hours and were processed for SEM 
observation. 
1. Viiable ce~l count on the surface of the material: ro obtain 
the number of viable cells on the sur.fiace of. the mater.ial, all 
ofi the specimens were removed from the culture plates and were 
inmersed in 3 ml of tryps1n EDTA solution for three minutes. 
Two m1 of culture medium €ontaining. 5 per cent FCS was then 
added to stop the effect of the trypsin. Tr he specimens were 
removed leaving the cells suspended in solution. The solution 
was centrifuged at 150© g. for ten minutes, the supernatent 
fluid p1ppetted, and the cells were resuspended in one ml of 
culture medium. The cells were dispersed thor.oughly by 
gentle pippetting and a 0.9 ml suspension was pippetted into 
a tube containing 0.1 ml of Erythrocin B. The suspension 
was mixed thoroughly and then 0.1 m~ was then introduced 
into the hemocytometer chamber and . the number of viable 
and non-viable cells in ten units determined. The result 
obtained was the number of cells per nm2. This was then 
multiplied by 1000 to get the number of cells per ml. The 
, 
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results were then divided by the total surface area of the 
specimens from which the cells were obtained and the final 
results wil l be the number of cells recovered per cm surface 
area. 
2. Preparation of specimens fior SEM observation . . The specimens 
were removed fr,om the culture plates and washed in phosphate 
buffer 7.4 t o remove any debris andVor culture medium ·from 
the surface ofi the specimen. The cells on the surface of the 
specimen were then fixed in situ ~none per ~ent gluteraldehyde 
so~ution in phosphate buf fer 7.4 overnight. The following day 
tne specimens were washed in phosphate buff.er PH 7.4 to re-
move the gluteraldehyde. The specimens were dehydrated in 
ascending grades of alcohol, starting with ten per cent 
· alcohol to absolute alcohol, for ten minutes in each concen-
tration. T:he alcohol was then removed completely and replaced 
with Freon TIF by inmersing t he specimens in ascending grades 
of fr.eon r F. in alcohol for ten minutes in each concentration 
starting with ten per cent Freon TF 1n alcohol and ending 
with 100 per cent Freon TF. l he specimens were transferred 
very. rapidly. to the precooled pressur.e chamber (10°C or 
lower) of a critical point dryer {Bomar SPC-50*) (Figure l ). 
i he chamber was closed tightly and Freon 13 was admitted into 
· the chamber until the chamber was filled completely. The 
temperature in the chamber was raised to 45°C keeping 
pressure insid~ the chamber at 900 pounds per square inch by 
, 
*The Bomar. Co., PO Box 22, Tacoma, Washington 98401 
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figure 1 
Photograph of the critical point dryer 
used in this investigation. 
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manually opening and closing the exhaust valve. When the 
temperature in the chamber was stabilized at 45°C, the ex-
haust valve was opened and "bleeding" off of the gaseous Freon 
13 conmenced at a rate of about 100 PSI per minute. After 
the chamber was completely bled the dried specimens were 
taken out and transferred to a vacuum evaporator, JEE-48* 
(Figure 2). The pressure in the evaporator was then reduced 
to ~o-5 Torr and the specimens coated w~th carbon and gold 
palladium. The specimens were now rieadYi for SEM observation. 
E. Scanning Electron Microscope Observations 
l he scanning electron microscope was utilized in the present 
study to view the cells present on the surface of the dental 
implants. Therefore a brief review of its principles will first 
be given and then the procedure used in the present investigation 
will be described. 
Tihe Scanning Electron Microscope (SEM) 
Although the concept on SEM was proposed by Knoll in 1935132 , 
it was not until 1965 that the first SEM was placed on the 
marketl33, 134 , 135 , 136 . Since that time the spread of the in-
strument led to an explosion in the number of its applications. 
The advantages of the SEM over the transm~ssion electron 
microscope (TEM} and the optical light mjcroscope (OLM} is that 
it combines both high resolution and. greater depth of field, 
which allows a direct observation of a topographical surface. 
*JEOL Ltd, 1418 Nakagami, Akishima, Tokyo, 196 Japan , 
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Figure 2 
A JEE-48 vacuum evaporator that was 
ut~lized for coating the specimens with a 
layer of carbon and gold palladium. 
., 
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The schematic diagram in Figure 3 shows the fundamental 
components of the SEM. The electron gun forms a source of elec-
trons which are accelerated from several KV to several tens KV 
toward the anode. These electrons pass through one or more 
electron lenses (magnetic or electrostatis) to focus the electron 
beam on the specimen surface~ At some point along the path, the 
electron beam is deflected by fields controlled by the scanning 
gener.ator. As a result the beam is moved over the surface of the 
specimen in a predetennined fonn such as a square or r~ctangular 
television-type raster in synchrony with the electron beam in the 
cathode ray tube (CRT). As the beam scans the specimen surface, 
secondary electrons are generated; the secondary electron current 
v.aries according to the local properties of the specimen surface. 
These secondary electrons are detected by, the electron collector. 
Tihis current is amplified or enhanced by an amplifier to fonn a 
v1deo signal which governs the brightness ~n the CRT, the displayed 
image represents a picture of the specimen. lf the scanned area 
in the CRT is the same as that on the specimen surface, the mag-
nification is unity; but by reducing the scanned area on the 
specimen (by attenuating the scan signal) the magnification is 
. dl37 increase . 
The resolution and the contrast are the major factors which 
govern the quality of the image obtained with the SEM. Resolu-
tion is governed by the diameter of the incident electron probe, 
. 
which in turn is decided by the diameter of the electron source 
41'. 
.. 
Figure 3 
A dia~ram of the SEM demonstrating: gun 
filament (A}, anode (B), condenser lens (C), 
deflecting field (D), objective lens (E), 
specimen (F), secondary electron collector (G), 
amp~ifier (H), scanning generator (I), cathode 
r.ay tuoe ~J), and path of electron beam (K). 
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and the demagnification of the electron optical system. The 
image contrast is essentially detennined by the intensity of the 
signals emitted from the specimen which can be controlled in the 
process of detection and the processing of these signals. In 
other words the quantum signal emitted from a specimen by bom-
bardment of incident electrons is converted into electric signal 
which is processed using electronic circuits and therefor.e the 
changing profile of the electric signal intensity on which the 
contrast is based can be readily controlled, unlike the T:EM where 
the .contrast fonnation and focusing mechanisms are not 
separated.· In TEM the contrast mechanisms available are usually 
amplitude and phase changes in the electron beam, the resultant 
beam emerging from the specimen is focused by the objective and 
condenser lenses and forms an image directly on a fluorescent · 
screen. In the SEM, however, there is no focusing after the 
interaction of the primary scanning beam and the specimen. Many 
factors govern the contrast of the secondary electron images ob-
tained with the SEM. An important factor is the incident angle 
of the electron probe whiGh depends on the surface topography of 
the specimen as well as its angulation. As the incident angle of 
the electron probe increases, the more secondary electrons are 
emitted and better contrast is obtained. Another factor is the 
relationship between the alternating c~rrent (AC) and direct 
current (DC) components of the signal. If the AC components of 
the signal are very small in comparison with the OC components, 
, 
44. 
a low contrast image is formed. Therefore by suppressing a par.t 
. 
ofi the DC component and explanding the AC component a better con-
trast is obtained 133 ' · 134 ' 135 ' 136 . 
Procedure for SEM observation 
. . . 
The specimens were mounted on aluminum mounts using silver 
conducting paint to provide a conducting as well as a sticky layer 
between the specimen and the aluminum mounts. These mounts were 
then secured to a stage which was then placed in the specimen 
chamber of a JSM35 scanning electron micrioscope* ~Figure 4). The 
air in the specimen chamber and the electron optical column was 
evacuated, and the specimen stage was tiled to 45° angle . 
. 
Following the evacuation of the electron optical column, the ac-
celerating voltage was set at 25 KV, and the accelerating voltage 
switches were turned on. The gun filament knob was turned slowly 
until the load current meter reading ceased to increase, i.e. 
until the saturat~on point. The image was then focused using the 
objective lens medium and fine addustment knobs at a magnification 
of 20x. lhe gun bias cam wheel switch was then adjusted to 
obtain the desired incident electron beam current while observing 
the image on the screen of the cathode ray tube. The DC suppress 
cam whee~ switch was then adjusted so that the image brightness 
remained stationary when turning the DC/AC switch from AC to DC. 
The desired field. and magnification and the scanning spped were 
first selecte~ and then the image brightness and contrast were 
adjusted using the level and contrast knobs. The specimens were 
*JEOL Ltd., 1418 Nakagami, Akishima, Tokyo, 196 Jap·an 
0 
Figure 4 
This JSM35 scanning electron microscope 
was utilized in this investigation . 
• 
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examined under various magnifications ranging from 20x to 
16,000x. Photomicrographs of representative areas on the 
specimens were taken using Polaroid 4x5 Land Film, Type 52 Pola 
Plan. Analysis and interpretations of the results were carried 
out using the photomicrographs obtained. 
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RESULTS 
The cytocompatibility ·of vitreous carbon implant material was 
studied in a tissue culture experiment using gingival epithelial 
cells from two monkeys. The evaluation of the cytocompatibility was 
determined by counting the number of viable cells recovered from the 
surfaces of glass, enamel, textured and untextured vitreous carbon im-
plants as well as by SEM observation of the epithelial cells on the 
surfaces of these materials. 
The number of cells recovered from the surface of each 
material per square centimeter surface area was calculated using the 
following technique. All specimens from each material were pooled in-
to one petri dish and treated with trypsin EDTA solution. The number 
of viable cells recovered from all the specimens of one material were 
counted using a hemocytometer, the viability being detennined by 
Erythrocin B exclusion test. The results of the total number of 
viable and non-viable cells, as well as the total surface area in 
cm
2 
of the different materials in each experiment is tablulated in the 
appendix. The total number of cells recovered in each experiment was 
then divided by the toal surface area, approximated to the nearest one 
hundred cells and then tabulated as the number of cells per cm2 surface 
area. The mean number of viable cells recovered from all experiments 
with the standard deviation was then calculated, Table I. 
The total number of viable cells recovered from glass surfaces 
2 per cm surface area after 72 hours culture ranged from 3000 cells 
to 8000 cells, the mean value being 5300 .:!:. 1730 while those re-
, 
covered from enamel surfaces ranged from 1600 cells to 4500 cells, 
48, 
0 
TABLE I 
The number and percentage of viable and non-viable cells per square centimeter surface area re-
covered from the surfaces of the different materials used following culture for 72 hours. 
Untextured Textured 
Glass Enamel Vitreous Carbon Vitreous Carbon 
Ex-
• Non- % Non- % Non- % Non- % per1-
ment # Viable Viable Viable - Viable Viable Viable Viable Viable Viable Viable Viable Viable 
1 8000 5500 59 4500 6400 41 2500 2200 53 2900 4300 40 
2 3000 2500 55 1600 2400 40 1300 1200 51 1300 1800 41 
3 4600 4600 50 2300 3100 42.5 2000 2000 50 1800 3300 35 
-
4 5000 3000 62 2000 3100 39 1900 1600 53 1500 2300 39 
5 3200 3400 48 1800 3400 34.5 1700 1900 47 1500 3500 30 
6 6000 7900 43 2200 2900 43 2300 2400 41 2000 3400 37 
Total 31,800 12,600 11,700 11,000 
Mean 5300 53 2100 39 1950 49 1830 37 
Stan-
dard 
Oeyia- +1730 +6.5 +1010 + 3 +630 + 4.5 +1230 + 3.5 
- -
- -
- - - -
tion 
Figure 5 
Bar graph demonstrating the mean number 
of viable cells2recovered from the different surfaces per cm surface area, after 72 hours 
culture. V.C.U. untextured vitreous carbon, 
VCT textured vitreous carbon. 
. Figure 6 
Bar graph demonstrating the percentag~ of 
viable to non-viable cells recovered per cm sur-
face area from the surfaces of the different 
specimens after 72 hours culture. 
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52. 
the mean value being 2100 !. 1010 cells. The number of viable cells 
recovered from textured and untextured vitreous carbon approximated 
those recovered from enamel (Table I and Figure 5). The percentage of 
viable to non-viable cells recovered from glass in the six experiments 
ranged from 43 to 62 per cent with a mean value of 53 + 6.5 per cent. 
Those recovered from untextured vitreous carbon ranged from 41 to 
53 per cent with a mean value of 49 + 4.5 per cent. The percentage of 
viable to non-viable cells recovered from enamel ranged from 34 to 
43 per cent with a mean value of 39 !. 3 per cent while the figures 
obtained from untextured vitreous carbon were 30 to 41 per cent, the 
mean value being 37 + 3.5 per cent {Table I, Figu~e 6). These results 
demonstrate that the percentage of viable to non-viable cells re-
covered from the surface of glass and untextured vitreous carbon 
were similar and those from enamel and textured vitreous carbon were 
also similar. 
In order to demonstrate cellular growth, type and morphology, 
the cover slips that were prepared for SEM observation were first ob-
served with the conventional optical microscope, and later were 
observed with the SEM. Different types of cells were seen growing on 
the glass surface. The most abundant type, other than the epithelial 
cells, were fibroblasts and lymphocyles (Figure 7). Epithelial cell 
monolayers were seen to grow in groups of four or more cells with 
occasional presence of single cells. Keratinized and non-keratinized 
epithelial cells were observed, the absence of a demonstrable nucleus 
was considered a criteria for identifying the keratinized cells (Figure 8). 
Figure 7 
Optical photomicrograph demonstrating the different 
types of cells present on a glass surface after one week 
culture; epithelial cells (E), fibroblasts (F). Magnifi-
cation lOOx. 
Figure 8 
Optical photomicrograph of epithelial cells on glass 
surface after one week culture, demonstrating keratinized 
and non-keratinized cells. Magnification lOOx 
Figure 9 
Optical photomicrograph of a group of epithelial 
cells. Magnification lOOx. 
Figure 10 
SEM photomicrograph .of the same group of epithelial 
cells as seen in Figure 9. This photomicrograph demonstrates 
that a picture similar to that observed with the optical 
microscope can be obtained with the SEM. Cells A and B. are 
viewed in Figures lOA and B respectively. Magnification 200x. 
Figures llA and B 
Higher magnification of the cells marked in Figure 10. 
The nucleus (N) appears as a bulge either at the cell 
periphery (Figure llA) or at the center (Figure 118). Note 
the protoplasmic extensions that extend from the cell to the 
glass surface. Note also the projections scattered all over 
the cell surface. Shrinkage of the cells demonstrated by fold-
ing of the edges of the cell (F) or by retraction of the cell 
edges (R) can be observed. Magnification 1600x. 
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Figure 12 
Photomicrograph of an epithelial cell demon-
strating cell retraction (R) due to shrinkage and 
the presence of a layer of homogeneous material 
between the cell and the glass surface. Magnifi-
cation 1600x. 
Figure 13 
Photomicrograph of an epithelial cell show-
in~ cell shrinkage and folding of the cell edges 
{F) leaving behind the cytoplasmic extensions (E) 
embedded in a homogeneous material (M). A higher 
magnification of the area marked A is shown in 
Figure 14. Magnification 1600x. 
Figure 14 
Higher magnification of the area marked in 
Figure 13 demonstrating the cell (C), the cell 
extensions (E), the homogeneous material (M), and 
the glass surface (G). Note the bulge (B) present 
in the cell where the cell extensions originate, 
indicating that they originate from within the cell. 
Also note the bulge (b) where the homogeneous 
material covers part of the cell extension before 
ending on the glass surface. Magnification 10,000x. 
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57, 
Epithelial cells were easily recognized although their cell morphology 
was slightly changed. The cells were irregular in outline, flattened 
against the glass surface with a bulging nucleus. The picture ob-
served of the cells grown on glass when viewed with the SEM was similar 
to that of the conventional electron microscope under the same 
magnification (Figures 9 and 10). There is a slight difference in the 
appearance of the cells when viewed with the SEM. This is attributed 
to the tilting of the SEM stage to a 45° angle to obtain a good 
secondary electron image. 
Epithelial cells seem to be flattened out on the smooth glass 
surface, with an irregular cell outline and numerous cytoplasmic ex-
tensions (Figures lla and llb). The nucleus of the cell appears as a 
bulge, which is situated either at the periphery (figure lla) or in 
the center (Figure llb). The cell surface looks to be highly 
irregular with numerous small projections. Cellular shrinkage demon-
strated by folding of the cell edges (Figure llb) or cell retraction 
(Figure 12) was noticed despite the great care taken in specimen 
preparation. Shrinkage of the cells, however, worked to our advan-
tage as part of a homogeneous material was observed between the cell 
and the glass surface (Figure 13), probably some kind of secretary 
material from the cell that would aid in its attachment. 
The cytoplasmic extensions appeared as irregular interwoven 
processes originating from within the cell : They ended on the glass 
surface either directly or after passing through the homogeneous 
material that is between the cell and the glass surface ~Figure 14). 
58. 
Untextured vitreous carbon exhibited a similar picture to that 
observed on glass with some difference. The surface characteristics 
of untextured vitreous carbon was generally very smooth, comparable 
to that of glass (Figure 15). Occasionally some irregularities may 
appear on the surface which could be attributed to defects in the 
manufacturing procedures of these implants (Figure 16). At other 
times the surface looked rough with many irregularities. The cells 
on .the surface were generally present in groups of two or three cells 
at the most; single cells were also present (Figures 15 and 16). The 
cells on the surface were flattened with an irregular outline, a 
bulging nucleus and numerous cytoplasmic extensions. The surface of 
the cell looked irregular with numerous projections (Figures 17a and 
. 17b). Contrary to those on glass, the cytoplasmic extensions ob-
served on untextured vitreous carbon were short, not interwoven and 
ended abruptly on the surface of the material. The surface of the 
material, at the high magnification of 10,000x showed numerous small 
holes and these extensions ended at or near these holes. The 
cytoplasmic extensions seemed to originate from within the cell 
(Figure 18). · Keratinization was more frequently observed here than 
on glass surfaces. Keratinization was observed with or without change 
in cellular morphology and was most frequently associated with the 
rougher material surface {Figures 19a and 19b). These keratinizing 
-
cells showed loss of their cytoplasmic extensions, but their surface 
was irregular. 
The surface of enamel demonstrated the honey-comb,appearance of 
Figure 15 
... 
SEM photomicrograph of cells present on 
the sarface of untextured vitreous carbon, demon-
strating the smooth surface of the material. 
Single cells as well as a group of three cells 
could be observed. Magnification 200x. 
Figure 16 
SEM photomicrograpra of a group of two 
ceals on the surface of untextured vitreous car-
bon. Note the defects (D) present on the surface 
of the material. Magnification 200x. 
Figures 17A and B 
SEM photomicrographs of the two cells seen 
in Figure 9 demonstrating flattening of the cells, 
the bulging nucleus (N), protoplasmic extensions 
(E), and the irregular surface of the cell. 
Magnification 1600x. 
Figure 18 
. Higher magnification of the protoplasmic 
extensions (E) seen in Figure 178. The protoplasmic 
extensions are short, straight, and end directly on 
the surface. Note the holes present on the surface 
of the material and the relationship between 
these holes and the extensions. Also note the bulge 
(B) in the cell where these extensions originate. 
Magnification 10,000x. 
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Figures 19A and B 
SEM photomicrographs of keratinized cells 
with (B) and without (A) change in morphology. 
Note the rough surface of the untextured vitreous 
carbon in both cases . 
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63. 
the enamel prisms and their interprismatic substance, with irregular 
lines running across demarcating the incremental pattern of enamel 
fonnation. The epithelial cells present on enamel surfaces exhibited 
a completely different picture from that observed on glass and smooth 
surface vitreous carbon. Most of the cells present were single cells, 
occasionally a group of two cells could be observed (Figures 20a and 
20b). The main differences between those cells present on enamel 
surfaces and those present on glass and smooth vitreous carbon, was 
the sbsence of the cytoplasmic extensions from the cell. The cell 
surface was irregular,with the presence of micro-ridges and micro-
grooves (Figures 21a and 21b). Keratinization was more frequently 
observed on enamel surface than on glass or untextured vitreous car-
bon. Morphologic changes and cellular shrinkage was rarely seen, 
yet when it was observed it demonstrated the presence of a homo-
geneous material between the cell and the enamel surface, probably 
some kind of attaching substance that would help the cell to stick to 
the surface of the enamel (Figures 22a and 22b). 
The textured or sand-blasted surface of the vitreous carbon 
implant material was very rough, with mostly single cells attached to 
the surface (Figures 23a and 23 b). Changes in cellular morphology 
were apparent in most cells observed. The surface of the cells showed 
no cytoplasmic extensions and variability in the degree of surface 
. 
smoothness (Figures 24a, b, c, d). Rarely could cells exhibiting micro-
ridges be observed (Figure 25). The mode of attachment of these cells 
to the surface was very difficult to assess because of t~e rough 
Figures 20A and B 
SEM photomicrograph of the cells on enamel 
surface. Most of the cells showed on enamel were 
single cells (A), occasionally a group of two 
cells (B) could be observed. Note the honeycomb 
appearance on the enamel surface and the lines 
demarcating the incremental formation of enamel. 
Magnification 260x and 200x respectively. 
Figures 21A and B 
Higher magnification of the cells shown in 
Figures 20A and B respectively. Note the absence 
of the cytoplasmic extensions and the presence of 
micro-ridges and micro-grooves on the surface of 
the cells. The nucleus (N) is not very obvious 
because of the presence of the micro-ridges and the 
angulation of the SEM stage. Magnification 1600x. 
Figures 22A and~-
SEM photomicrograph of an epithelial cell 
in enamel surface demonstrating cellular shrinkage, 
folding and change in morphology (A). Note the 
absence of protoplasmic extensions and the presence 
of an attaching material (M) between the cell and 
enamel. Figure 228 is a higher magnification of 
the attaching material (M). Magnification 1600 
and 10,000x. 
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Figure 23A and B 
SEM photomicraphs demonstrating the rough 
surface of textured vitreous carbon implants and 
the presence of single cells attached to the 
surface. Magnification 260x. 
Figures 24A, B, C, and D 
SEM photomicrographs of cells seen on the 
surface of textured vitreous carbon demonstrating 
the variability in cellular morphology and absence 
of protoplasmic extensions. Note that the degree 
of cell surface smoothness is variable from rough 
(Figure 24A) to smooth (Figure 240). Also note 
the absence of contact in some areas between the 
cell surface and the underlying material. Cell 
nuclei are difficult to observe because the cells 
do not flatten out in the same manner as they did 
on the smooth surface. Figures 17A and Care higher 
magnifications of the cells marked A and C in 
Figure 23A. Figure 24D is a higher magnification 
of the cells marked Din 23 B. Magnification 1600X. 
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Figure 25 
SEM photomicrograph of an epithelial cell 
on the surface of textured vitreous carbon with 
very slight change in morphology and the presence 
of micro-ridges and micro-grooves. Magnification 
1600x. 
Figures 26A and B 
SEM photomicrographs of an epithelial cell 
on the surface of textured vitreous carbon implant. 
Note the smoothness of the surface of the cell in 
(A). Figure 268 is higher magnification of the 
area marked (M) in (A) demonstrating the homogeneous 
attaching material (M) between the cell (C) and the 
vitreous carbon. Magnification 1600 and 10,000x 
respectively. 
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surface of the material, yet sometimes one could observe a material 
between the cell and the surface of the implant in those areas 
where shrinkage had taken place (Figures 26a and 26b). 
70. 
To demonstrate whether there are differences in the behavior 
of ceijls related to metals and those related to vitreous carbon; 
cells were grown on sand-blasted vitallium blade implant processed 
for SEM in similar manner to those of vitreous carbon. The cellular 
morphology was completely altered with small metal particles present 
all over the surface of the cell (Figure 27). These metal particles 
are probably products of corrosion and ionization of the vitallium 
implant. 
In the presence of infection from dental plaque, the cells on 
the glass surface demonstrated morphologic changes with absence of 
attaching substance, as well as cytoplasmic extension (Figures 28a 
and 28b). Micro-organisms were rarely seen on the glass surface. 
Micro-organisms were present on the surface of untextured vitreous 
carbon, with no colonization, only single bacteria were present. 
There were also changes in cellular morphology, as well as the ab-
sence of the cytoplasmic extensions and attaching substance (Figure 
29). Enamel surface favored bacterial colonization and bacterial 
attachment as demonstrated by the thin thread-like processes ex-
tending between the organisms and the cells or enamel surface. Also 
between one organism and another. The cells present were covered 
completely or partially by organisms. The cell surface was smooth 
• 
with no micro-ridges or micro-grooves (Figures 30a, b, and c). The 
, 
Figures 27A and B 
SEM photomicrographs of cells on the surface 
of sand-blasted vitallium implant. Figure 278 
is a higher magnification of the cell seen in the 
center of Figure 27A; demonstrating complete change 
in cellular morphology, as well as the presence of 
metal particles on the surface of these cells. 
Magnification 200x and 2000x. 
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Figures 28A and B 
SEM photomicrograph of epithelial cells on 
glass surface in the presence of dental plaque in-
fection. Note the absence of protoplasmic exten-
sions and attaching substance in 28A and the severe 
morphologic changes in B. Also note that only a 
very few organisms are present on the surface. 
Magnification 200 and 1800x. 
Figure 29 
SEM photomicrograph of an epithelial cell 
on the surface of untextured vitreous carbon in 
the presence of infection from dental plaaue. Note 
the change in cellular morphology, the absence of 
protoplasmic extensions and the presence of single 
bacteria on the surface. Magnification 2600x. 
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Figures 30A, B, and C 
SEM photomicrographs of tissue culture cells 
on enamel surface in the presence of dental plaque. 
Bacterial colonies could be observed with thread-like 
processes attaching those bacteria to the surface of 
enamel (C), to each other (Band C) and to the 
cells (8). Note the smoothness of the surface of 
the cells seen in (B). Magnification 600, 3600, and 
7800x. 
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77. 
textured surface of vitreous carbon demonstrated. bacterial 
coloniels covering the entire surface, with no cells observed. They 
were probably covered completely by micro-organisms. The organisms 
were also attached to each other as well as to the surface of the 
material by thread-like processes (Figures 31a and 31b). 
, 
a 
Figures 31A and B 
SEM photomicrographs of bacterial colonies 
on the surface of textured vitreous carbon ~overing 
the entire surface. Note the presence of these 
thread-like processes attaching the bacteria to 
each other as well as to the surface of the material (B). Magnification 4000 and 16,000x. 
, 
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DISCUSSION 
The biocompatibility and cytotoxicity of dental implant 
materials have been evaluated using different techniques20, 32, 42, 
51, 86 The in vivo experiments involved the implantation of these 
materials at different sites in animal species for variable periods 
of time and subsequently studying histologically the tissue response 
to the implant. The disadvantages of this technique are: first, it 
is necessary to remove the implants prior to the histological pro-
cessing of the specimens which interferes with or eliminates the im-
plant tissue interface; and second, the techniques are not sensitive 
enough to evaluate either the cellular compatibility or cellular 
toxicity77 , 82 . Therefore, investigators developed in vitro tissue 
culture techniques for toxicological studies of dental materials in 
general and dental implant in particular79 • 80 , 82 , 84 , 87 . The cell 
lines used were neoplastic cells whose behavior may be significantly 
different from those of normal cells. Also, the techniques involved 
quantitative and/or qualitative assays around the implant material 
and not of those cells on the surface of the material. 
In the present in vitro investigation gingival epithelial cell 
suspension was obtained utilizing a technique described by Neiders ~nd 
Weiss 71 . The enzymatic separation of the epithelium from the connec-
tive tissue and its micro-dissection was uneventful; however, in 
culturing these cells it was found that other cells appeared in the 
culture, in small numbers, beside the epithelial cells despite the 
great care taken to isolate epithelial cells only. These were mainly 
M. 
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fibroblasts and lymphocytes. Neiders and Weiss 71 did not report on the 
presence of these cells in their technique, Several explantions could 
be offered to account for the presence of these cells. First, the 
separation of the epithe~ial sheet took place below the basal c~ll 
layer and therefore some connective tissue cells were .transported 
and dispersed with the epithelial cells. Second, the separation 
occured· at the mucosa1-submucosal junction; but the connective tissue 
cells were transported accidentally. either during micro-dissection or 
were carried along with the epithelial sheet from the original solu-
tion before micro-dissection. 
Various investigators used the in vitro survival as measured by 
vital dyes as an index f.ori cellular injury or cellular toxicity71, 77, 
78
, 82, 138. Neiders and Weiss71 in their experiment reported a cell 
survival of 40 - 73 per cent f,ollowing epithelial cell culture for 48 
hours. Levinson and Green 138 rP.ported a survival rate of embryonic 
·heart cells ofi less than 40 per cent after 36 hours culture. The 
results of the viable count of cells grown on a glass surface compare 
favorably with those of Neiders and Weiss 71 . However, the number of 
viable cells recovered from the sur.faces of enamel, textured and un-
textured vitreous carbon were much lower than those of glass. Powe11 85 
has demonstrated that the number of Hela cells growing on bovine 
enamel were not as profuse as the number of cells growing on boro-
silicate glass. This compares favorably with the results of this 
experiment. Tow explanations could be offered for the lower number 
, 
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of viable cells on the surfaces of enamel, textured and untextured 
vitreous ca~bon. rhe first is the fiact that glass offers a better 
surface for cell attachment and cell growth in tfssue culture. The 
second is the presence of more keratinized cells on the surfaces of 
enamel and vitreous carbon than glass, as seen from the examination of 
these surfaces with the SEM. Although the number of viable cells re-
covered from glass was higher, no evidence of cytotoxicity was 
observed as the percentages of viable to non-viab~e cells on all sur-
faces was similar. 
The importance of the reactions of cells when they come in 
contact with objects in their environment has been emphasized by 
different investigators 95 , 98 , l01-l04, 139 . These authors have 
considered two types of contact; that between one cell and other 
which offers a basis for specific interactions and that between a 
cell and a non-cellular object which results in some of the simpler 
and more basic expressions of cellular behavior. lhe rieactions of 
cultured cells with their substratum and the effects of the components 
of the medium, and of different enzymes have also been considered by 
these investigators 1°0, l©l' l03, 139. Most of these investigations 
were carried out utilizing glass or other transparent substrata and 
1 
were viewed with the optical microscope. In reviewing the litera-
ture, no available data was present on the reactions of cells to an 
opaque substratum. Also there were no references to direct observa-
tions of the cells present on the surface of implant materials. In 
the present investigation the SEM was utilized for direct observation 
, 
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of the cells present on the surfaces of enamel and vitreous carbon 
implants. Glass surfaces were utilized as controls and for compari-
sons of cellular growth and cellular. behavior between it and those 
materials. 
' ... --,.;.-.:. .. ~. 
A comparison between the image obtained with the light micro-
scope and those of the SEM showed that under the same magnifications 
similar pictures could be obtained of cellular morphology and sur.face 
characteristics. The added advantage of the SEM is the three dimen-
sional picture observed and the higher magnifications that can be 
obtained . . cellular behavior differed accor-djng to the degree of 
roughness of the surface of the material. Glass, which has a perfectly 
smooth surface, showed cellular spreading and flattening of the cells 
similar to those described by Taylor 95 and Ambrosel39. The 
epithelial cells were present in groups of four or more cells which 
indicated that the smooth glass surface favored both cellular sticki-
ness and cellular growth. Enamel and vitreous carbon surfaces did 
not favor eel lular growth as demonstrated by the smaller number of 
cells in each group. While the shape or contour of cells is fre-
quently thoughtof as being type specific and detennined by factors 
within the cells themselves; it must not be forgotten that the innate 
behavior patterns of cells can achieve morphological expressions only 
within the limits prescribed by the physical factors of the environ-
ment in which cells find themselves 139. The surface characteristics 
of the substratum appear to detennine the countour of the cell. 
Taylor95 observed that the surface of unattached human conjunctiva 
, 
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cells are roughened by many, small protrusions or processes that be-
come withdrawn after the cell attaches to the glass surface. The SEM 
observations of the cells in the present study substantiated these 
findings as the cells on the smooth glass surface demonstrated the 
presence of some projections on the cell ·surface as well as protoplas-
m1c extensions that extended from the surface of the cell to the 
glass su~face. These priotoplasmic extensions were seen to originate 
from within the cell. Tihey either ended directly on the glass sur-
face or were embedded in a homogeneous substance that was observed be-
tween the cell and the glass surface. 
The outer surface of. these cells appear.ed very irregular with 
small protrusions extending all over the surface. The cells present 
on the surface of untextured vitreous carbon demonstrated a similar 
configuration. The cell surface; however, was smoother with a 
smaller number of coarser protrusions. Also the protoplasmic ex-
tensions we~e shorter, running a straight course to the surface of 
the vitreous carbon. Slight differences were also observed in the 
surface characteristics of untextured Viitreous carbon and that of 
glass. The smooth areas of vitreous carbon showed some surface 
irregularities (holes) at magnification of 10,000x. These were not 
observed ~with lower magnification in the present investigation or that 
reported by Skerman58 . The cells present on the rough portions of 
untextured vitreous carbon were smilar in some respects to those ob-
served on textured vitreous carbon. These cells did not flatten 
completely, they did not have protoplasmic extensions, and the surface 
0 
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of the cell was irregular but did not have those protruding processes. 
The cellular mor.phology on textured vitreous carbon demonstrated a 
completely different picture. The surface of the cells were either 
very smooth or showed linear irregularities along the cell surface 
with no protoplasmic extensions or processes observed on the surface 
ofi the cell or between the cell and the vitreous carbon. The surface 
of the epithelial cells present on enamel exhibited micro-ridges and 
m~cro-grooves, which are characteristic observations of epithelial 
cells ·;n the sEM1 40-1 43. This appearance was only rarely seen on the 
surface of textured vitreous careen. These observations demonstrate 
that cellular morphology and surface characteristics change with the 
surface character istics of the substratum. 
The presence of an extr.acellular protein containing "sticky" 
~ 
substance that would help the cells to adhere to various substrates 
has been the subject of many controversies 96, lOl, l04, lOS, l44' 145 . 
Weiss96 , 105 , Rinaldini 96 , Berwick and Cammon103 , Moscona100 and 
Mercer146 suggest the presence of an extra-membraneous coating of 
protein and polysaccharides which is associated with cellular sticki-
ness. Rosenberg 104 , found that cells grown on glass or silicone 
surfaces exude a protein containing substance which may be involved in 
cellular stickiness. 0ther investigators 95 , lOl' 139 , l4S believe 
that a film of adsorbed proteins is formed on the surface of the sub-
strum and that the cells adhere to the adsorbed protein by various 
linkages. The SEM observations have demonstrated the presence of a 
homogeneous material between the cell and the surfaces of the different 
, 
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materials examined. Tihis material is probably secreted by the cell 
as it was only seen in those areas where cellular shrinkage was ob-
served. Also, if this material was an adsorbed layer of protein from 
the culture medium one would expect to see it on the entire surface of 
the substratum. This was note the case, as all surfaces examined were 
clean with no materiaa adsorbed to them. Mills et ai. 56 in a trans-
mission electron microscope study have noted the presence of an 
electron dense material between the vitreous carbon implants and the 
surrounding membrane. This electron dense homogeneous material was 
Viery thin and was not observed with the optical microscope. This 
electron dense material is probably secreted by the cells in contact 
with the vitreous carbon. 
The nature of this homogerieous material could not be fully 
elucidated with the techniques used in this experiment. Berwick and 
Camon103 have suggested that the sticky material elaborated by the 
epithelial cells of the buccal mucosa is probably a muco-polysaccharide 
protein complex. Toto· and Sicher14 have demonstrated the secretion 
of a mucopolysaccharide by the epithelial cells of the gingival . 
sulcus and Stallard15 reported that sulcular epithelium synthesize 
an attaching substance containing praline and/or hydroxyproline. 
Further investigations are necessary therefore to clarify the nature 
of this homogeneous material. 
In the presence of dental plaque, cellular morphology 
changed on all surfaces. The cells became smoother and the cell out-
line was completely irregular and the attaching material was lost. 
, 
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Baboolal et al. 147 in a study on the effects of gingival plaque ex-
tracts on cells (BHK21) cultured in vitro have reported similar 
changes in cellular morphology and inability of the cells to attach to 
glass surfaces. rt has also been shown that the micro-organisms present 
in dental plaque secrete proteolytic enzymes (hyaluronidase, protein-
ases, collagenase and chondroitin sulfatase) which could initiate 
and}or favor the spread of periodontal disease148-151 . The absence 
ofi the attaching substance and the smoothness of the surface of 
cells . in the presence of dental plaque infection support the view that 
these organjsms may secrete an enzyme or enzymes which alter the sur-
face of the cell and/or digests the attaching substances and there-
fore those cells cannot attach to the surface of the substratum14? 
An anaijogy could be drawn in the oral cavity where micro-organisms 
,are present in the gingival sulcus. If bacterial p~aque is allowed 
to be present in tne gingival sulcus following the insertion of im-
plants, then the microbial products of these bacteria might destroy 
any fonn of attachment between the epithelium and the implant. This 
could start a breakdown of the membrane ·fanned around the implant 
wh~ch will u~timately lead to its fai~ure, through a periodontal 
disease-like breakdown. This analogy is also supported by the 
differences observed in the attachment of the bacteria to the smooth 
and rough surfaces of the vitreous carbon implants. It can be 
demonstrated that the rougher the surface the easier it becomes for 
the bacteria to attach to that surface and fonn colonies. Glass, 
which has a very smooth surface, had only very few orga~isms present. 
0 
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Untextured vitreous carbon, which is not as smooth a~ glass, showed 
the presence of single organisms on its surface, without colonization. 
Bacterial colonies and bacterial attachment were observed on enamel 
and textured vitreous carbon. Gildenheuys and Stallard152 have re-
ported similar findings on the polished and sand-olasted gold 
restorations. 
One ofi the major objections to the use of metal implants is 
metal co~rosion in the body. mileu which might pr.educe cellular toxi-
city .as wel l as weakening of the implant structure77, 78, 87. The 
use of polymers as dental implant materials also have disadvantages. 
T!hese materials are not usually as strong as metals and some of them 
could induce cellular reaction87 . Autian84 summarized the cellular 
r.eaction to polymers as being due to: " ... l) onve of the additives 
intentionally added to the product; 2) substances becoming part of 
the product due to a manufacturing procedure but not originally in-
. 
tended t o be added; 3) decomposed product of one of the additives; 
4) impurities in the additives; 5) degradation products of the 
polymer." Vitreous carbon dental implants, although originally a 
polymer, is prepared in such a way that it is 99.9 per cent pure · 
carbon, its hardness can be compared favorably with metal alloys .and 
. d d . b d fl .. d 48- 52 Th . 1 t t . l it oes not corro e ,n o y u, s . e imp an ma er,a was 
proven to be biocompatible with the surrounding tissues in both 
animals and humans. The present investigation has demonstrated 
that the material is also cytocompatible with epithelial cells and 
it is non-cytotoxic. With vitreous carbon implants, even the 
89. 
textured surface did not show any corrosion products in tissue cul-
ture that would react with the cells, as those seen on the cells 
present on sand-blasted vitallium. 
, 
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SUMMARY AND CONCLUSIONS 
The cytocompatibility and cytotoxicity ·of vitreous carbon dental 
implants were evaluated in a tissue culture study utilizing the 
gingival epithelial cells obtained from two Rhesus monkeys. Enzymatic 
separation and dispersion of the epithelial cells was accomplished with 
e~astase and trypsin. Culture plates containing glass, enamel, tex-
tured and untextured vitreous carbon ofi known surface areas were 
innoculated with approximately 5xl05 cells and were incubated for 
three to seven days at 37°C in an atmosphere of air containing five 
per cent carbon dioxide. The viable count of the cells recovered from 
the surfaces of the different specimens, after three days culture, de-
monstrated a higher number of viable cells present on glass than on 
ename~ or vitreous carbon, while the number of viable cells recovered 
from enamel and vitreous carbon were similar. No evidence of cytotoxi-
city was noted and the percentage of viable to non-viable cells 
recovered from glass and untextured vitreous carbon was similar. In 
addition the number recovered from enamel and textured vitreous carbon 
was similar. 
The seven day culture specimens were fixed in gluterraldehyde, 
dried in a critical point dryer and processed for SEM observation. 
Observations made with the optical microscope of cells present on 
glass were similar to those seen in the SEM at the same magnification. 
The morphology and surface characteristics of the cells on glass and 
untextured vitreous carbon were irregular, with projections on the 
surface of the cell and protoplasmic extensions that extended from the 
cell to the surface of the material. The protoplasmic ~xtensions and 
90. 
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the cellular projections observed on the surface of vitreous carbon 
were shorter and smaller in number than those seen on glass. However, 
at a magnification of 10,000x the surface of vitreous carbon demon-
strated multiple small hol~s and did not present a highly smooth 
surface like that of glass. T.he surface of the cells on enamel and 
textured vitreous carbon did not show these projections or protoplas-
mic extensions. The cells on enamel presented micro-ridges and micro-
grooves while those seen on textured vftreous carbon were either very 
smoo~h or had linear irregularities. 
Cellular shrinkage of most cells was observed and a homogeneous 
attaching substance was noted between the cell and the surface of the 
under~ying material. Further investigations are necessary to explore 
the nature of this material. 
110 demonstrate the behavior of cells in the presence of micro-
organisms from dental plaque, one group of culture plates was infected 
with dental plaque, cultured for three days and the specimens pro-
cessed for SEM observation. The results have demo~strated a change 
in cellular morphology with smoothness of the surface of the cells 
and the absence of the homogeneous attaching substance. 
In conclusion, the results of this investigation demonstrated: 
1. The technique described is satisfactory for evaluating cyto-
compatibility of cells to implant materials. 
2. Vitreous carbon implants are cytocompatible with epithelial 
cells with no evidence of cytotoxicity. 
3. The morphology and behavior of the cells vary according to 
, 
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the surface characteristics of the different materials to 
which the cells attach. 
4. ] he epithelial cells secrete a homogeneous substance, which 
aids in the attachment of cells to their substratum. 
5. t he presence of cellular extensions on smooth surfaces aids 
the cells in their process of attachment to that surface. 
92. 
6. Bacterial attachment, growth and colonization is enhanced by 
a rougher. material surface. 
7. Bacterial enzymes digested the homogeneous attaching sub-
stances between the cell and its substratum. 
8. BacteriaJ infection produces a complete change in cellular 
morphology. 
, 
APPENDIX I 
The number of viable and non-viable cells recovered from glass 
surfaces in the different experiments after 72 hours culture and the 
total surface area of all the specimens. · 
Experiment Surface Number Viable Non-Viable Area* 
1 4 18.3xlo4 33 26.4xlo4 2 6.6xl04 5.5x10: 22 3 14. lxlo4 14.3xlo4 30.8 4 16.5xl0 9.8xlo4 33 5 11. 3x104 ll.9xlo4 35.2 6 14.SxlO 19.2x10 24.2 
APPENDIX II 
. . 
T:he number of viable and non-viable cells recovered from the 
surfaces of enamel in the different experiments after 72 hours culture 
and the total surface area of all specimens. 
Experiment Surface Number Viable Non-Viable Area* 
1 4.8xl0: 4 10.6 6.8xlo4 2 2 xlo4 3 xlo4 12. 4 3 2.7xlo4 3.6xl04 11.6 4 2.7xlo4 4.2xlo4 13. 7 5 1. Sxl O 4 2.9xl0 8.5 6 2.2xl0 2.9xl04 9.9 
*in square centimeters 
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APPENDIX III 
The number of viable and non-viable cells recovered from the 
surfaces of untextured vitreous carbon implants after 72 hours culture 
and the total surface area of all specimens. 
Experiment 
Surface Number Viable Non-Viable Area* 
l 3.BxlO: 3.4xlo4 15.5 2 l .7xlo4 1. 6x10: 13.6 3 2.4xlo4 2.5xlo4 12.2 4 3.2xlo4 2. 6xl o4 16.6 5 2.3xlo4 2.5xlo4 13.4 6 2.4J<10 2.SxlO 10.6 
APPENDIX IV 
1he number of viable and non-viable cells recovered from the 
surfaces of textured vitreous carbon implants after 72 hours culture 
and the total surface area of all specimens. 
Experiment 
Surface Number Viable Non-Viable Area• 
1 4 
7. 2x10: 16.8 4.8xlo4 2 2 xlo4 2.7xlo4 15. 4 3 2.4xlo4 4.4xlo4 13.5 4 l.9xlo4 2.9xlo4 12.6 5 2.8xlo4 6.7xlo4 19.2 6 3.7xl0 6.2xl0 18.5 
*in square centimeters 
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